The present study is the first investigation of the chemical composition, antioxidant, antimicrobial and anti-inflammatory activities of the stem and leaf essential oils from Piper flaviflorum C.DC (SEOP and LEOP), a plant that has been consumed as a wild vegetable, and used as medicine, and spice by the ethnic groups in Xishuangbanna, SW China. Analyzed by GC-MS, 42 and 30 components were identified representing 90.1% and 95.3% of the SEOP and LEOP, with (E)-nerolidol (16.7% and 40.5%), β-caryophyllene (26.6% and 14.6%) and elixene (5.3% and 12.3%) as their main constituents, respectively. Our results indicate that SEOP and LEOP have good anti-inflammatory activity by significantly inhibiting NO production induced by LPS in RAW 264.7 cells at 0.04‰ without effect on cell viability, and negligible antioxidant activity in both ABTS and FRAP assays. Moreover, the LEOP showed comparable activity with the positive control (tigecycline) against Aspergillus fumigatus, with MIC and MBC values ranging from 256 to 1024 µg/mL. The anti-inflammatory activity in LPS-induced RAW 264.7 cells is worthy of further investigation to discover the possible mechanisms of the NO production inhibition effect of these essential oils.
Piperaceae plants, distributed mostly in North and South America and rather fewer in Asia, are usually aromatic herbs, shrubs, or climbers, and 68 of them have been found in China [1] . It has been reported that these plants have antioxidant, antiproliferative, antimicrobial, antinociceptive, anti-inflammatory, antiulcer and larvicidal activities [2a-2e,3a] . Ethnobotanical studies have shown that many species of Piperaceae were also cultivated and used by the ethnic people in Xishuangbanna, SW China. For example, the leaves and stems of Piper flaviflorum C.DC are commonly consumed as vegetables and spices [3b,4a] , and its stems are also used as an indigenous remedy for inner heat, stomach disorder, and relief of pain and itching [4b,5] . Phytochemical investigations found that the aerial parts of this plant are rich in alkaloids, lignans and sterols [6a,b] . A recent report showed that a new apiofuranoside (flavifloside A), isolated from the stem, has moderate cytotoxicity against the CCRF-CEM cancer cell line [7a] . However, studies on the essential oils of this plant were neglected. Therefore, the aim of this study was to investigate the chemical composition, antioxidant, antimicrobial and anti-inflammatory activities of the stem and leaf essential oils of P. flaviflorum (SEOP and LEOP).
The chemical composition of SEOP and LEOP are given in Table 1 . The components of the two essential oils are listed according to their retention times on a HP-5MS column. The two essential oils presented a similar composition with the same dominant components. Specifically, 44 components were identified (42 in SEOP and 30 in LEOP), representing 90.1% and 95.3% of the total oil, with (E)-nerolidol (16.7% and 40.5%), β-caryophyllene (26.6% and 14.6%) and elixene (5.3% and 12.3%) as the main constituents of the SEOP and LEOP, respectively. Our results agreed with previous studies that the essential oils of Piperaceae species are rich in (E)-nerolidol and β-caryophyllene [7b-d,8a]. However, there were also some differences, for example the major components of the leaf essential oil of P. aduncum subsp. ossanum (C. CD.) from Cuba were camphor (18.1%) and camphene (15.6%) [8b] , and those of P. aduncum were piperitone (34%), camphor (17.1%) and camphene (10.9%). The main components of P. auritum and P. umbellatum were safrole (71.8 and 26.4%, respectively) [9] . All the presented research has shown that the chemical compositions of the essential oils from Piperaceae species show wide variations, and no discernible chemotaxonomic trends between the species have been figured out as yet. Our results also support the view that more data are needed from Piperaceae species essential oils to sort out their chemical differences and similarities [10] .
The antioxidant activity of the SEOP and LEOP were measured by ABTS and FRAP assays. Gallic acid equivalent antioxidant capacity (GAEAC) at various concentrations (2.5-20 mg/mL) of the SEOP and LEOP are shown in Table 2 . The SEOP and LEOP displayed very low antioxidant activity in both assays. The antioxidant activity is probably due not only to the presence of (E)-nerolidol and β-caryophyllene, which have been proved to have antioxidant activity in previous studies [11a,b] , but also to other constituents. In the ABTS assay, the 50% inhibition concentrations (IC 50 ) of SEOP, LEOP and gallic acid were 21.3 ± 0.04 (mg/mL), 23.3 ± 0.05 (mg/mL) and 29.9 ± 0.04 (µg/mL), respectively. SEOP showed generally stronger antioxidant potential than LEOP.
The MIC and MBC values of SEOP and LEOP are shown in Table 3 . The essential oils showed antimicrobial activity against some of the tested pathogens and spoilage organisms. For instance, the two essential oils were both active against Klebsiella pneumonia, a common pathogen in hospitals, with MIC and MBC values ranging from 2048 to 5120 µg/mL. The SEOP was active against RI cal refers to the retention index experimentally calculated using C 7 -C 30 alkanes. RI lit refers to the retention index taken from NIST database. The effect of SEOP and LEOP on LPS-induced RAW 264.7 cell viability, determined by the MTS method, is shown in Figure 1 . SEOP and LEOP showed no significant cytotoxic activity on LPSinduced RAW 264.7 cells at concentrations up to 0.04‰, as assessed by the Dunnett's multiple comparison tests. Therefore, we inferred that concentrations up to 0.04‰ of the total essential oils could be safe for further development in the food, pharmaceutical and cosmetic industries.
The effect of SEOP and LEOP on NO production in LPS-induced RAW 264.7 cells was determined by the Griess reagent system. As shown in Figure 2 , the LPS treatment significant increased NO production compared with untreated cells. As assessed by the Dunnett's multiple comparison tests, SEOP and LEOP significantly reduced NO production by 31.7% and 35.1%, and 94.3% and 91.9% compared with LPS treated cells at concentrations of 0.02‰ and 0.04‰, respectively. The anti-inflammatory activity of SEOP and LEOP was probably attributable to the high content of βcaryophyllene, which has been demonstrated to produce strong antiinflammatory effects [12,13a] . Natural Product Communications Vol. 9 (7) 2014 1013 SEOP and LEOP showed negligible free radical scavenging and reducing power activity in both ABTS and FRAP assays. LEOP showed comparable activity with the positive control (Tigecycline) against Aspergillus fumigatus. The remarkable anti-inflammatory activity, as well as the antimicrobial activity against some of the tested pathogens and spoilage organisms of the SEOP and LEOP may sufficiently support the described use of this plant as an indigenous remedy for inner heat, stomach disorder, and relief of pain and itching. Furthermore, the notable anti-inflammatory activity in LPS-induced RAW 264.7 cells is worthy of further investigation to discover the possible mechanisms of the NO production inhibition effect of this two essential oils.
Experimental

Plant materials and essential oil extraction:
The leaves and stems of P. flaviflorum were collected from Xishuangbanna Tropical Botanical Garden (XTBG), Mengla county, Yunnan province, China) in September 2013. A voucher specimen (no. 004345) was deposited in the herbarium (HITBC). Each fresh sample (1kg) was minced in a laboratory mill. The essential oil was collected by simultaneous distillation extraction and stored at -20°C in the dark for further use. The essential oil yields were 0.06% and 0.26%, w/w, as calculated on the basis of the dry weight of the stems and leaves of P. flaviflorum, respectively.
GC-MS analysis:
Analysis of SEOP and LEOP was performed using an Agilent Technologies 7890A GC, equipped with a HP-5 MS capillary column (30 m×0.25 mm; film thickness, 0.25µm) and a mass spectrometer 5975C (Agilent Technologies, USA) as detector. MS were taken at 70 eV with a mass range of m/z 45-500. Helium was used as the carrier gas, at a flow rate of 1 mL/min. Injector and detector (MS transfer line) temperatures were both 250°C. Column temperature was gradually increased from 40°C to 160°C at 3°C /min, and increased to 250°C at 20°C / min, then held for 10 min finally. A diluted sample (0.2 µL) was injected manually. The components were identified on the basis of Retention Index and by matching their mass spectra with those recorded in the NIST 08 database.
Free radical scavenging ability by ABTS assay:
The free radical scavenging activity was determined by the ABTS radical cation decolorization assay, as described previously [13b] . Seven mM ABTS .＋ solutions were prepared and reacted with 2.45 mM aqueous ammonium persulfate solution. The mixture was then kept in shade at room temperature for 12-16 h before use. The ABTS .＋ solution was diluted with ethanol to an absorbance of about 0.7 (±0.02) at 732 nm. A reagent blank reading was taken. After addition of 2 mL of diluted ABTS .＋ solution to 25 µL of diluted essential oil samples, the absorbance was read exactly 6 min after initial mixing in the dark. The results were calculated from the standard curve of gallic acid, and expressed as gallic acid equivalent antioxidant capacity (GAEAC) in µg gallic acid/mL .
Ferric reducing antioxidant power (FRAP) assay:
The total reducing power of the SEOP and LEOP was determined using FRAP assay, as described by Benzie and Strain [13c] . Two mL of the FRAP reagent, prepared by mixing acetate buffer (300 mM/L, pH 3.6), a solution of 10 mM/L TPTZ in 40 mM/L HCl, and 20 mM/L FeCl 3 at 10:1:1 (v/v/v), was added to 25 µL sample solutions and reacted thoroughly at 37°C for 10 min. The absorbance was taken at 593 nm. The results were calculated from the standard curve of gallic acid, and expressed as gallic acid equivalent antioxidant capacity (GAEAC) in µg gallic acid/mL.
Evaluation of antimicrobial activity
Microbial strains and culture media:
The essential oils were individually tested against 7 microbial strains. Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), and Candida albicans (ATCC Y0109) were provided by the National Institute for the Control of Pharmaceutical and Biological Products (NICPBP, China); Aspergillus fumigatus, Acinetobacter baumannii, and Klebsiella pneumonia were provided by Kunming General Hospital. Standard Mueller-Hinton agar and broth (MHA and MHB), and Sabouraud agar and broth (SA and SB) were used as the bacterial and fungal culture media, respectively.
MIC and MBC assay:
The MIC and MBC were evaluated against tested sensitive microbial strains according to the previously reported procedures [14, 15] . The MICs and MBCs were both determined with starting inoculums of 1.0×10 6 CFU/mL for bacteria and 1.0×10 4 CFU/mL for fungi, incubated at 35°C for 24 h, and examined for growth in daylight. A serial dilution method was used for the determination of the MICs of the samples. For MIC assay, the essential oils was dissolved in dimethylsulfoxide (DMSO), and sterilized by filtration through 0.45 µM Millipore filters. One hundred µL of an appropriate medium, essential oil solutions and inoculums were dispensed onto a 96-well plate. MIC values were the lowest concentration of a given extract that completely inhibited the visible microbial growth. For MBC assay, 10 µL samples taken from the clear wells of the microbroth susceptibility studies were placed onto the surfaces of either MHA or SA plates to determine MBC. The MBC was defined as the concentration of drug that resulted in >99.9% killing of the bacterium relative to the concentration of bacterium that was present in test wells at 0 h [14] . The MICs and MBCs of Amikacin, Fluconazole, Vancomycin, Tigecycline and Cefotaxime were also determined in parallel experiments in order to control the sensitivity of the standard test organisms. All tests were performed in triplicate.
Cell culture:
The murine macrophage cell line RAW 264.7 was obtained from Kunming Institute of Zoology, Chinese Academy of Sciences (KCB200603YJ) and cultured in DMEM (Thermo Scientific, Logan, UT, USA) containing 10% fetal bovine serum, 1% penicillin-streptomycin and 1% L-glutamine (Sigma-Aldrich, St. Louis, MO, USA) at 37°C in a 5% CO 2 incubator (Thermo Scientific, Forma371, Steri-cycle, USA), and subcultured every 2 days.
Cell viability assay:
The cell viability was evaluated by MTS assay following the manufacturer's instructions. In the MTS assay, 100 μL cell suspension (1×10 5 cells/well) was cultivated in 96-cell plates for 18 h as described above. Then cells were pre-treated with various concentrations of the essential oils for 30 min prior to further incubation in the presence of 1 μg/mL LPS for another 24 h. Finally, 20 µL of CellTiter 96 ® AQueous One Solution Reagent, prepared by MTS (3-[4,5,dimethylthiazol-2-yl]-5-[3carboxymethoxy-phenyl]-2-[4-sulfophenyl]-2H-tetrazolium, inner salt) in the presence of phenazineethosulfate (PES), was added to each well and incubated for 1 h at 37°C in the 5% CO 2 incubator. The absorbance of each well was measured at 490 nm directly using a Multifunctional Microplate Reader (Thermo Scientific VarioSkan, USA). Results were expressed as a percentage of MTS production by non-treated control cells (blank group). Values were presented as mean ± standard deviation (SD) of 3 independent tests.
Measurement of NO production:
NO production by LPSstimulated Raw 264.7 cells was measured by the accumulation of nitrite in the culture supernatants, using the Griess reagent system (Promega, Madison, WI, USA) and following the manufacturer's instructions. Cells were seeded in 96-well plates at 1×10 6 cells/well and then incubated with culture medium (control) for 18 h. Then cells were pre-treated with various concentrations of the essential oils for 30 min before they were stimulated with 1 μg/mL LPS and further cultured for an additional 24 h. In brief, 50 μL of culture supernatants were collected and mixed with the Griess reagent system (1% sulfanilamide in 0.1 mol/L HCl and 0.1% N-(1naphthyl) ethylenediamine dihydrochloride). Then the plates were incubated for 10 min at 37°C in the 5% CO 2 incubator. The absorbance was measured at 550 nm in a Multifunctional Microplate Reader (Thermo Scientific VarioSkan Flash, USA). Nitrite concentration was determined from a sodium nitrite standard curve. Results were expressed as percentages of NO by LPS-treated cells (LPS group). Values were presented as mean ± standard deviation (SD) of 3 independent tests.
Statistical analysis:
All experiments were performed in triplicate and expressed as mean values ± standard deviation (SD). The 50% inhibition concentration (IC 50 ) was calculated by Probit regression analysis of SPSS 14.0 for Windows (SPSS Inc. Chicago, USA). The one-way ANOVA analysis, with Dunnett's multiple comparison tests, was performed using SPSS 14.0 for statistical evaluation. Significance of difference was accepted at P< 0.05.
